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Abstract


The way audiovisuals are perceived is not completely understood. Previous works have shown that attention increases when watching audiovisuals compared with looking at real events, but depending on the editing style, and the interpreter, the understanding of the content may be different. The study of brain asymmetries in this context aims to identify potential lateralizations in audiovisual perception. Previous studies have proven that seeing others grasp objects has a contralateral impact on somatosensory areas (C3 and C4) in the alpha band (8–12 Hz). In this work, we investigated whether brain activity could be asymmetrical in that band when looking at real grasping compared with watching grasping on a screen, and whether media expertise would be a determinant in this regard and presented the same narrative content both through live performance and as a movie to 40 participants (half of them media professionals) while recording their electroencephalography (EEG) activity. We conclude that the asymmetry in the alpha band in the somatosensory cortex is not affected by the medium through which the grasping actions are presented, that is, in reality or on screen. We also conclude that media expertise does not impact this asymmetry.
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1. Introduction


1.1. Perception in Reality Versus On Screen


The brain behaves differently when watching the same content on screen than in real life [1]. Comparison of visual perception when watching events on screen versus in real life has shown that attention increases in the former case [2], and the somatosensory cortex shows different activity when seeing motor actions in a real context versus on screens [3]. According to many studies [4], spending many hours watching screens has a negative impact on cognitive, language, and social–emotional development, among other effects. Meanwhile, it has been shown that if the content that is presented on screen or in real life depicts a natural environment, brain activity exhibits markers that are known to be related to cognitive and emotional restorative processes [5]. This suggests that the nature of the content plays an important role in its perception on screen, and the way audiovisuals are perceived and integrated is still not completely understood [6].




1.2. Brain Asymmetry When Watching Audiovisuals


Brain asymmetry is an important topic for understanding how cognitive functions are organized in healthy and unhealthy people [7]. Decades ago, brain lateralization (or asymmetry) in the alpha band was linked to emotional processing [8]. More recently, alpha brain asymmetry has been linked not only to emotional processing, but also to affective psychopathologies and mental states such as melancholia or depression [9,10,11], among others.



On the other hand, brain asymmetries when perceiving audiovisual stimuli have been of interest in recent years [12,13,14,15], suggesting the presence of some lateralization depending on the task. Previously, we found that edits do not trigger any specific asymmetrical brain activity in the alpha band among viewers [14].




1.3. Looking at Motor Actions


Visual perception is clearly connected with the alpha band, with little doubt that it plays an important role in information processing [16,17,18]. Moreover, frontal alpha band asymmetry has been correlated with several situations: (i) it has been found to be higher in depressed than healthy people [19], (ii) it is higher for older than younger adults [10], (iii) it is also higher in children and adults with attention-deficit/hyperactivity disorder (ADHD) [20], and (iv) it seems to correlate with sharing intentions [21].



On the other hand, several works have shown that looking at someone grasping objects or doing other motor actions with their hands provokes very specific activity in the cortical somatosensory area (C3 and C4) in relation to contralateral behaviors [22,23,24,25,26]. Recently, we found differences in Mu rhythm when seeing grasping/motor actions in real context versus on screens [3]. Our results showed that ﻿the sensorimotor Mu-ERD (event-related desynchronization) was stronger during the real-world observation compared to screen observation. For all these previous results, our first hypothesis here was that there may be alpha brain asymmetry during the observation of object grasping in reality versus on screen. This difference between reality and screen could be relevant in research areas where this type of rhythm is used such as virtual reality studies, online learning contexts, or brain–computer interfaces. Indeed, owing to its accessibility, brain EEG activity when presented with imagery of grasping and other similar motor actions is being used for brain–computer interface protocols [27,28,29,30].




1.4. Media Expertise


Previous works in several areas of study have proven that expertise has an impact on cognitive behavior, with skilled individuals showing an increase in cognitive processing and neural efficiency and a better response [31,32,33,34]. Specifically, in the media context, it has been proven that experience and expertise have a clear impact on the visual perception of audiovisuals [2,35,36].



In this work, we investigated whether brain activity in the alpha band is asymmetrical between the left and right somatosensory areas when looking at real grasping or watching screened grasping. It is of great interest to know whether reality and screens exhibit different effects during these actions, since reality monitoring [37], defined as the ability to identify different sources of stimuli, in this case, the grasping actions viewed in reality and through screens, is connected with conduct, training, and learning by observation.



Moreover, we compared such alpha band asymmetry between media professionals and other participants. It has been proposed that professional expertise changes the temporal organization of visual perceptual processes, with a highly developed capacity of observing visual images by proficient observers [38]. Studies on perceptual differences in professionals and lay people have shown that the visual perception of professionals shows a greater speed of information processing, selective localization, and focus of attention, with enhanced depth of visual reach or anticipation [39]. Our second hypothesis was that if grasping phenomena, whether viewed in real life or on screens, have contralateral preferences and depend on known actions, there could be differences in response symmetry in both groups due to specialization and expert gaze.





2. Materials and Methods


2.1. Participants


Forty participants took part in this experiment. Half of them were media professionals, while the other half were not. To qualify for inclusion in the media group, it was required that individuals extensively use video editing and make decisions related to media editing in their day-to-day tasks. Among the group of media professionals, four were female while sixteen were male. In the group of other participants, five were female and fifteen were male. Therefore, although the sample was not balanced in terms of gender, both groups showed a similar distribution. The mean age was 44.25 ± 7.2 years in the group of media professionals and 43.25 ± 8.59 years in the group of other participants. Participants were not given any financial compensation for taking part in this study. Relevant guidelines and regulations for human research and procedures were followed, and the study was approved by the Ethics Commission for Research with Animals and Humans (CEEAH) of the University Autònoma de Barcelona, Spain. All participants gave prior written consent to participate in the study.




2.2. Stimuli


This study analyzes the perception of two stimuli of similar duration and content, presented in different formats: one stimulus consisted of a real-life presentation, while the other was a video. Both stimuli had the same content: a man stepped into a room set against a black background; sat at a desk; grasped several things such as balls, a laptop, an apple, and a chair, among others; and finally left the room. The video stimulus lasted 198 s, while the real presentation lasted ~198 s. For obvious reasons, the real presentations presented to each participant did not last exactly the same length of time, but were around the same length. The video consisted of a single, open shot with no cuts to present the most similar context and view as the real presentation.



Each stimulus included the same 24 actions of grasping, consisting of grasping a chair, grasping juggling balls, grasping a zipper, grasping a laptop, grasping a book, grasping a lantern, grasping an apple, and moving the hand across the face. Note that the grasping actions were not isolated in unique grasping actions but were integrated into a narrative with an actor performing all those actions in an integrated interpretation, as mentioned above. All participants viewed both stimuli, but they were presented at random.



The video stimulus was shown on a 42-inch high-definition (HD) LED display using Paradigm Stimulus Presentation software version 1.5 (Perception Research System Inc., Lawrence, KS, USA).




2.3. Data Acquisition


A 20-channel Enobio system (Neuroelectrics, Barcelona, Spain) was used to record continuous EEG from participants. Electrodes O1, O2, P7, P3, Pz, P4, P8, T7, C3, Cz, C4, T8, F7, F3, Fz, F4, F8, Fp1, and Fp2, and an additional electrode for electrooculogram (EOG) recordings, were placed according to the International 10–20 system [40] and referenced to electronically linked mastoid electrodes. Data were sampled at 500 Hz. Before data recording, we asked the participants to avoid putting chemical products in their hair before coming to the experimental session. The data acquisition was synchronized with the data presentation system through a TCP/IP connection.



Based on the 24 grasping actions in both stimuli (movie and performance) and the 40 participants, a total amount of 1920 potential epochs (40 × 24 × 2) were obtained. Note that we used the same dataset as in a previous work [3].




2.4. Data Analysis


We used the most commonly utilized frequency-domain feature extraction methods, even if new models are being proposed [41,42]. As in previous works [14], data processing was carried out by using EEGLAB open-source software [43] (version 2022.1) running on MATLAB R2022b (The MathWorks Inc., Natick, MA, USA), under macOS Ventura (version 13.2.1) (Apple Inc., Cupertino, CA, USA). A spherical BESA® template was used for channel location, and the data were band-pass filtered between 0.5 and 40 Hz with an average reference being computed. We decomposed the data by using an ICA analysis (infomax algorithm) and removed artifactual components, including eye movements, and selected 3 s epochs with 1 s before and 2 s after the onset of the grasping/motor activity, using the previous 1000 ms as the baseline. We rejected poorly recorded epochs through visual inspection. A total of 1695 trials (88.28%) out of the 1920 potential ones were used. We analyzed the C3 and C4 electrodes to determine the left and right hemisphere activity, respectively, and computed the asymmetry by subtracting the natural-log-transformed regional EEG power in the left hemisphere (C3) from that at the homologous site on the right hemisphere (C4): [ln(right power) – ln(left power)] [44]. Positive asymmetry values thus indicate greater alpha power in the right hemisphere and thus greater activity in left hemisphere, while negative values indicate greater alpha power in the left hemisphere and thus greater activity in the right hemisphere [45]. We then applied the paired t-test or the equivalent Wilcoxon signed-rank test or unpaired t-test and its equivalent Mann–Whitney rank-sum test to compare the condition of reality vs. on screen and the group of media professionals vs. other participants, respectively. The Shapiro–Wilk test was used to test normality (p < 0.05).





3. Results


Brain asymmetry in the range of 8–12 Hz was analyzed in the somatosensory cortex (the C3 electrode for the left hemisphere and the C4 electrode for the right hemisphere) before and after viewing the grasping/motor actions in the real performance and on screen, in media experts and other participants (Table S1).



3.1. Asymmetry in the Alpha Band


When looking at brain asymmetry in the alpha band (8–12 Hz) in C3 and C4 (where the mu rhythm occurs [22]) for the real performance and the on-screen content, no significant differences were found either before the onset of the grasping actions (Z = −0.941, p = 0.350, Wilcoxon signed-rank test, Cohen’s d = 0.224) or after the onset of the grasping actions (Z = 0.511, p = 0.614, Wilcoxon signed-rank test, Cohen’s d = 0.045) (Figure 1).




3.2. Asymmetry and Media Professional Status


The asymmetry in the range 8–12 Hz was also compared for media professionals versus the control. When comparing the asymmetry before the onset of the grasping/motor actions between media professionals and other participants, no significant differences were found for the real performance (Mann–Whitney U statistic = 129.000, p = 0.057, Mann–Whitney rank-sum test, Cohen’s d = 0.496) or the on-screen content (Mann–Whitney U statistic = 152.000, p = 0.199, Mann–Whitney rank-sum test, Cohen’s d = 0.609). When comparing asymmetry after the onset of the grasping/motor actions between these groups, no significant differences were found for the real performance (t(38) = −1.999, p = 0.053, t-test, Cohen’s d = 0.632) or the on-screen content (t(38) = −1.515, p = 0.138, t-test, Cohen’s d = 0.480). Based on these negative results, we also computed a two-way repeated measures ANOVA before and after the onset of the actions, with professionalization as factor 1 and type of stimulus (real versus on screen) as factor 2. We also did not find significant interaction between these factors before (F(1,38) = 0.048, p = 0.828) or after (F(1,38) = 2.005, p = 0.165) the onset of the actions.





4. Discussion


The comparison between real stimuli and screened stimuli is a topic that has not been studied too much, but it is nevertheless of help for the study of interaction with screens and, above all, for establishing criteria of reality when we perceive actions. Since motor imagery (MI) is employed in important clinical contexts (such as stroke rehabilitation [46]), due to the fact that the ERD induced by MI is quite similar to actual movement, learning differences that real and on-screen stimuli presentations have on viewers can be relevant for training in this context.



If the temporal flow of perceptual activity is a framework allowing one to resort to thousands of episodic memories or to plan possible consequences to the observed actions [47], observation through screens must have differences with reality through mechanisms that must be similar to the distinction between reality and imagination. In a certain way, there could be a different sensory strength to index reality [48], in this case, with screens. This criterion of reality seems more important when one executes actions, and the motor area becomes desynchronized when observing. In this sense, previous works have proven that looking at motor actions such as grasping objects has an impact on the somatosensory cortex of viewers [24,25,49]. This impact has been shown to have a contralateral nature [49,50]. Also, differences between real and video formats have been found previously [2]. In this work, we investigated whether looking at motor actions such as grasping in audiovisuals and in real life would impact the brain asymmetry of viewers, but did not find such asymmetry. These results suggest that brain asymmetry is independent of the format through which motor actions are presented.



Other works, in our laboratory and others, have proven that media expertise results in differences in visual perception [2,35,51]. Here, we wondered whether, in the context of looking at grasping/motor actions, being a media professional would impact brain asymmetry in real and in audiovisual contexts. We did not find significant differences related to media expertise for either real performances or on-screen content. This result suggests that brain asymmetry is not related to media expertise.




5. Limitations


This work has some limitations. The first limitation is the small sample used in this study. Due to a lack of funding, we analyzed data only from 40 participants. This small sample could be important to the fact that null results were obtained. That is why further studies with more participants should be conducted to confirm our conclusions. Another limitation is the lack of an equal gender distribution. A more robust balance should have been ensured to obtain the same number of male and female subjects. This would have allowed us to increase the equity in the sample and even (with a larger sample) compare the records between men and women.




6. Conclusions


If neither the format of stimulus presentation, real or on screen, nor the expert gaze seem to affect symmetry in this study, further research is needed to understand why observed brain asymmetry does not significantly impact the perception of grasping actions. These investigations should study a broader spectrum of brain frequencies.



We conclude that alpha band asymmetries in the somatosensory cortex are not affected by the way in which grasping actions are presented, i.e., in reality or on screen, and that media expertise does not impact this asymmetry.
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Figure 1. Mean (SD) asymmetry in the somatosensory cortex (C3 and C4 electrodes) between real performance and on screen, before and after the onset of the grasping/motor actions. 
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